DC MOTOR 



BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION: 

The present invention relates to a DC motor and, more 
particularly, to a simple -structure , low-vibration DC 
motor in which cogging is reduced while the performance 
such as torque is maintained. 
DESCRIPTION OF THE PRIOR ART: 

In recent years, as the performances of various types 
of devices such as OA devices are improved, a 
high-performance (e.g., high torque), low-cogging, 
low- vibration, high-quality motor is sought for as a DC 
motor used in such a device. To meet this demand, 
improvement in inner rotor type DC motors used in these 
various types of devices is under development as needed. 
A demand for higher performance such as, for example, a 
demand for "higher torque" and, on the other hand, a 
demand for higher quality such as, for example, a demand 
for "lower cogging and lower vibration" are contradictory, 
and it is difficult to meet both demands simultaneously. 

In an inner rotor type DC motor, a rotor unit is 
rotatably arranged inside a stator unit, and the rotor 
unit is rotated by the interaction of the magnetic fluxes 
of the stator unit and rotor unit. 



Fig. 1A is a perspective view of a rotor unit in a 
conventional inner rotor type DC motor, and Fig. IB is a 
view showing the developed pattern of S and N poles formed 
on the surface of the field magnet of this DC motor by 
magnetization . 

As shown in Fig. 1A, a rotor unit 2 9 is comprised of 
a holder 22 , a shaft 21 pressed into the holder 22 to be 
fixed to it and serving as the rotation center, and a 
field magnet 26 coaxially fixed to the outer surface of 
the holder 22. The outer surface of the field magnet 26 
is magnetized in the circumferential direction at 
predetermined pitches to form magnetic poles developed 
pattern as shown in Fig. IB. 

As is apparent from the developed pattern shown in 
Fig. IB, S and N poles are alternatively formed by 
magnetization on the field magnet 26 in the 
circumferential direction with the same pole width (Wl = 
W2). Consequently, magnetic flux changes in all the 
magnetic poles occur simultaneously and sharply, causing 
cogging. 

To achieve low cogging, for example, the magnetic 
poles of the field magnet 26 may be skewed. In this case, 
a decrease in torque is inevitable. Therefore, this 
method can be employed only when the torque 
characteristics have a sufficient margin. In addition, 



the fabrication of a magnetizing jig is extremely 
difficult and is accordingly expensive. Also, maintenance 
of the magnetizing jig is difficult to perform. 

Since the skew angle can be obtained only with a cut 
5 and try manner, it cannot be obtained easily. Phase 
correction of the magnetic poles to correspond to a 
decrease in a harmonic component cannot be performed to 
decrease the vibration. 

SUMMARY OF THE INVENTION 
Q 10 The present invention has been made in consideration 

m of the above situation in the prior art, and has as its 

i!fl 

fy object to provide a low-price, simple -structure, 

f low-vibration DC motor in which cogging is reduced while 

[T the performance such as torque is maintained. 

I. A 

? P 15 In order to achieve the above object, according to 

■!fj the main aspect of the present invention, there is 

provided a DC motor comprising: a rotor unit which is 
rotatably arranged within the motor and has a cylindrical 
field magnet fixed to holder means into which a rotating 
20 shaft is press-fitted at a center thereof, said 
cylindrical field magnet being magnetized such that S and 
N poles alternate with each other in a circuf erential 
direction thereof; and a stator unit which is 
circumf erentially arrenged around said rotor unit and is 
25 comprised of a plurality of stator yokes so arranged as to 
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oppose said field magnet with a small gap, each of said 
stator yokes being formed by circumf erentially stacking a 
large number of thin plates each of which constitutes a 
salient pole, and a plurality of coil units, each being 
5 formed by winding a magnet wire on a bobbin and mounted on 
each of said stator yokes; wherein each of the S and N 
poles has a plurality of stages formed in an axial 
direction and shifted from each other in the 
circumferential direction of said field magnet with a 

10 predetermined shift amount. 

According to the subsidiary aspect of the present 
invention, the shift amount of the positions of the 
magnetic poles falls within a range of 12° to 50° in an 
electrical angle. 

15 As is apparent from the above aspects, in the DC 

motor according to the present invention, the field magnet 
is magnetized divisionally into the plurality of stages in 
the axial direction such that the S and N poles 
alternately, repeatedly change in the circumferential 

20 direction at every stage, and the positions of the 
magnetic poles of the respective stages are shifted from 
each other. Therefore, the structure is simplified, the 
cogging is reduced, and the vibration is decreased while 
the performance such as torque is maintained. 

25 Since the shift amount of the positions of the 
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magnetic poles falls within the range of 12° to 50° in the 
electrical angle, cogging can be reduced effectively, so 
the vibration can be decreased . 

Regarding the rotor unit, the field magnet is made 
cylindrical and is fixed to the outer surface of the shaft 
through the sleeve at the center, and the two ends of the 
rotor unit are closed with holders. Hence, a simple 
structure that minimizes the amount of material to be used 
can be realized, and the field magnet can be fixed 
reliably. 

The above and many other objects, features and 
advantages of the present invention will become manifest 
to those skilled in the art upon making reference to the 
following detailed description and accompanying drawings 
in which preferred embodiments incorporating the principle 
of the present invention are shown by way of illustrative 
examples . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1A is a perspective view showing a conventional 
rotor unit, and Fig. IB is a view showing the developed 
pattern of S and N poles formed on the surface of the 
rotor unit by magnetization; 

Figs. 2A and 2B show an inner rotor type DC motor 
according to the present invention, in which Fig. 2A is a 
partially cutaway plan view, and Fig. 2B is a partially 



cutaway side view; 

Fig. 3A is a perspective view of a rotor unit 
according to the present invention. Fig. 3B is a view 
showing the developed pattern of S and N poles formed on 
the surface of the rotor unit by magnetization, and Fig. 
3C is a view showing a relationship about magnetized 
pattern between the field magnet and position magnet; 

Fig. 4 is a graph of cogging torque characteristics 
with respect to an electrical angle when the rotor unit is 
rotated; 

Fig. 5 is a graph showing the analytic result of the 
frequency of the cogging torque obtained by subjecting the 
cogging torque to fast Fourier transform (FFT); and 

Fig. 6 is a graph of cogging torque experimentally 
obtained with respect to a shift amount a (electrical 
angle) . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

A preferred embodiment of the present invention will 
be described with reference to the accompanying drawings. 

Figs. 2A and 2B show an inner rotor type DC motor 
according to the present invention, in which Fig. 2A is a 
partially cutaway plan view, and Fig. 2B is a partially 
cutaway side view. 

As shown in Figs. 2A and 2B, this inner rotor type DC 
unit is mainly comprised of stator units 8 and a rotor 



unit 19. 

Each stator unit 8 is mainly comprised of a plurality 
of stator yokes 1 and a plurality of coil unit 5. Each of 
the stator yoked is formed by circumf erentially by 
stacking a large number of thin plates, each constituting 
a salient pole. Each of the coil unit 5 is formed by 
winding a magnet wire on a bobbin 3 made of a polymeric 
material and mounted on the stator yoke 1. The plurality 
of stator units 8 are arranged inside a ring 30 
equidistantly, and are coupled to each other through the 
ring 30, thus forming a magnetic path. The thin plates 
that form the stator yoke 1 are obtained by punching a 
soft magnetic steel plate. 

The rotor unit 19 has a rotating shaft 11, 
cylindrical field magnet 6, sleeve 2, first holder 12, and 
spring holder 33. The rotating shaft 11 is pressed into 
the center of the field magnet 6 to be fixed to it. The 
sleeve 2 is formed at substantially the center of the 
field magnet 6 in the axial direction to connect the 
rotating shaft 11 and field magnet 6. The first holder 12 
is formed on one side of the field magnet 6. The spring 
holder 33 is made up from a first holder 12 formed on the 
other side of the field magnet 6, a third holder 31, and a 
spring 32 sandwiched between the second and third holders 
18 and 31. The rotating shaft 11 is rotatably attached to 
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a case 7 through a bearing 14 mounted on a flange 13 
formed on one end of the field magnet 6 and a bearing 16 
mounted on a flange 15 formed on the other end of the 
field magnet 6. The field magnet 6 fixed to the rotating 
5 shaft 11 opposes the stator yoke (salient pole unit) 1 of 
the plurality of stator units 8 through a small gap. 

The field magnet 6 is hollow so it requires a minimum 
amount of material, and maintains coaxiality with the 
rotating shaft 11 by means of the holder 12 and spring 
□ 10 holder 33 formed at its two ends and the sleeve 2 formed 

i;jfi at substantially its center. 

The flanges 13 and 15 are fixed to the upper and 
lower ends of the case 7 to form an outer container. A 
connector 17 is connected to the coil units 5 through a 
15 base 34 and to an external driving circuit (not shown). 

Fig. 3A is a perspective view of the rotor unit 19 
used in the inner rotor type DC motor according to the 
present invention, and Fig. 3B is a view showing the 
developed pattern of S and N poles formed on the surface 
20 of the rotor unit by magnetization. 

The rotor unit 19 has an outer appearance as shown in 
Fig. 3A. The field magnet 6 is magnetized at a pre- 
determined pitch in its circumferential direction by using 
a magnet izer (not shown) to form the magnetic pole 
25 developed pattern shown in Fig. 3B. 
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As shown in Fig. 3B, the field magnet 6 is magnetized 
at a magnetization pitch P to the first and second stages 
divided in the axial direction of its outer surface, hence 
S and N poles are alternately repeated in the 
5 circumferential direction at every stage. Each stage is 
divided with an equal length H/2 with respect to its axial 
size H, and the positions of the magnetic poles of the 
respective stages are shifted from each other by a shift 
amount a (electrical angle). 
□ 10 The operation of the inner rotor type DC motor 

according to the present invention will be described with 
reference to Figs. 2A to 3B. 

The DC motor according to the present invention is a 
6-slot # 8-pole, 3-phase brushless DC motor, as is apparent 
15 from Figs. 2 A to 3B. 

The rotor unit 19 is rotated by the interaction of 
the electromagnetic field generated by simultaneously 
exciting the coils of the coil units 5 respectively formed 
in the plurality of stator units 8, and of the magnetic 
20 field of the rotor unit 19 formed of a permanent magnet. 
In particular, in a brushless DC motor, a coil excitation 
sequence is predetermined in accordance with a position 
detection signal from the field magnet 6, and each coil is 
excited by this excitation sequence uniquely. 
25 Generally, the position of the field magnet 6 is 
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detected by a position detector (not shown), e.g., a Hall 
sensor which, in the structure shown in Fig. 2B, is 
attached to the upper surface of the base 34 and opposes 
the lower end face of the field magnet 6 to detect a 
magnetic field leaking from the lower end of the field 
magnet 6 . 

The DC motor according to this embodiment has 3 
phases, 8 poles, and 6 stator units. The number of coil 
units 5 is 6, and the number of position detectors is 3. 
The 6 coil units 5 are arranged symmetrically with respect 
to the center of the motor. Each pair of coil units 
opposing each other at 180° are connected in series to 
form one phase. Such a coil unit pair are prepared 
equiangularly for 3 sets (three phases that are 
respectively called U, V, and W phases) at 60°. 

The 3 position detectors are arranged respectively 
between the U and V phases, V and W phases, and W and U 
phases of the stator units 8, to output 6 different 
detection outputs at the respective positions. 

The excitation sequences of the respective phase 
coils with respect to the rotor position detection signal 
are the same as those in an ordinary 3 -phase brushless 
motor, as shown in the following Table 1. 



Table 1 
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Direction 
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Note 1: Of the outputs from the position detector, "1" 
and "0" indicate that the N and S poles, respectively, of 



5 the field magnet are detected. 

Note 2 : Coil excitation indicates that a current is 
supplied from the "H" phase to the "L" phase. 
Also, "-" indicates a coil open state. 

Fig. 4 is a graph showing cogging torque 
10 characteristics with respect to the electrical angle 
(shift angle a ) when the rotor unit 19 of the inner rotor 
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type DC motor according to the present invention is 
rotated. 

Reference symbol Rl denotes the cogging torque 
characteristic of the conventional inner rotor type DC 
5 motor, and Ql denotes the cogging torque characteristic of 
the inner rotor type DC motor according to the present 
invention when the shift amount a of the position of the 
magnetic pole described above is 25° in the electrical 
[a angle. 

□ 10 As shown in Fig. 4, the cogging torque characteristic 

rfl Rl of the conventional inner rotor type DC motor generally 

m 

m varies within an amplitude range of about 2 . 5 mNm in the 

. 

positive and negative directions, while the cogging torque 
characteristic Ql of the inner rotor type DC motor 
C 15 according to the present invention generally falls within 

■!;f! an amplitude range of about 1 mNm in the positive and 

iU 

negative directions. Hence, cogging is reduced greatly. 

Fig. 5 is a graph showing a result obtained from 
frequency analysis of the cogging torque by subjecting the 
20 cogging torque to fast Fourier transform (FFT) . 

The basic degree of the cogging torque of the DC 
motor according to the present invention is 24, since this 
DC motor is a 6-slot, 8-pole motor. 

Reference symbol R2 denotes the FFT analytic result 
25 of the cogging torque of the conventional inner rotor type 
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DC motor, and Q2 denotes the FFT analytic result of the 
cogging torque of the inner rotor type DC motor according 
to the present invention when the shift amount a of the 
position of the magnetic pole described above is 25° in 
5 the electrical angle. 

As shown in Fig. 5, when compared to the FFT analytic 
result R2 of the cogging torque of the conventional inner 
rotor type DC motor, the FFT analytic result Q2 of the 
cogging torque of the inner rotor type DC motor according 
10 to the present invention is generally low, and 

m particularly at the 24th degree which is the basic degree, 

it! 

py the cogging torque is as very low as 1/3 times or less. 

Fig. 6 is a graph showing the PP value (peak-to-peak 
value) of the cogging torque experimentally obtained with 
15 respect to the shift amount a (electrical angle) of the 
magnetic pole position described above. 

As shown in Fig. 6, in the range where the shift 
amount a (electrical angle) is from 12° to 50° , the 
cogging torque is reduced by 20% or more. It was 
20 confirmed that the voltage characteristics of the 
counterelectromotive force were close to a smooth sine 
wave . 

As described above, in the inner rotor type brushless 
DC motor according to the present invention, since voltage 
25 characteristic Q of the counter electromotive force 
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corresponds to the torque characteristic, smooth torque 
characteristic can be obtained. Hence, a simple- structure, 
low-cogging, low-vibration DC motor can be provided. 

In this embodiment, the mounting position of the 
rotor (field magnet) position detection element on the 
base 34 is adjusted by 1/2 the shift amount a of the 
magnetic pole of the rotor (field magnet), as shown in Fig. 
3C, so that the present invention can be applied to a 
motor that rotates in forward and reverse directions. 

In this embodiment, the field magnet 6 is magnetized 
divisionally into the two stages, i.e., the first and 
second stages in the axial direction. However, the 
present invention is not limited to this, and the field 
magnet can be magnetized divisionally into a plurality of 
stages in accordance with applications (objects). 

The present invention is not limited to an inner 
rotor type brushless DC motor. The same effect can be 
obtained with an outer rotor type brushless DC motor if 
magnetization is performed in the same manner as that 
described above. 

Regarding applications of the brushless DC motor, 
when the rotating shaft needs to rotate both in the 
forward and reverse directions, the conventional motor 
requires a large number of magnet as it has an exclusive 
field magnet for detecting rotor position due to switching 
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excitation. 

According to the present invention, since one end 
face of the field magnet 6 is additionally magnetized for 
detecting rotor position (so called "position magnet") as 
5 to a face position detector mounted on the base 34, the 
rotating shaft can rotate in both the forward and reverse 
directions without increasing the number of magnets. Fig. 
3C is a view showing a relationship about magnetized 
pattern between the field magnet and position magnet. Each 

10 neutral position on each position magnet is shown by a 
solid line and, on the other hand, dotted lines show the 
neutral positions on both first stage and second stage of 
the field magnet 6, respectively. As shown in Fig. 3C, 
the neutral position on the position magnet exists in the 

15 center of both the neutral positions of the field magnet 6. 
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